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Abstract: We investigate the in-medium modification of the charmonium breakup processes due 
to the Mott-effect for D-mesons at the chiral phase transition. A model calculation for the process 
J/ip+TT D+D* + h.c. is presented which demonstrates that threshold effects in the thermal averaged 
breakup cross section can be explained as a Mott transition where final state quark-antiquark bound 
states enter the continuum of resonant states at the QCD phase transition. Applications to heavy-ion 
collisions within a modified Glauber model scenario and the phenomenon of anomalous 3/ip suppression 
in the CERN NA50 experiment are addressed. 
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1. Introduction 

Recent results of the CERN NA50 collaboration 
on anomalous J/ip suppression Q in ultrarela- 
tivistic Pb-Pb collisions at 158 AGeV have re- 
newed the quest for an explanation of the pro- 
cesses which may cause the rather sudden drop 
of the J/ip production cross section for transverse 
energies above Et ~ 40 GeV in this experiment. 
An effect like this was predicted as a signal for 
quark gluon plasma formation |^ due to screen- 
ing of the cc interaction. Soon after that it be- 
came clear that for temperatures and densities 
just above the deconfinement transition the Mott 
effect for the J/ip does not occur and that a ki- 
netic process as e.g. dissociation by meson or 
quark impact is required to dissolve the J/'f/; Q . 

In this paper, we suggest that at the chi- 
ral/deconfinement phase transition the charmo- 
nium breakup reaction cross sections are criti- 
cally enhanced since the open charm states of the 
dissociation processes become unbound (Mott ef- 
fect) so that the reaction thresholds are effec- 
tively lowered. We present a model calculation 
for the particular process J/tp+Tr D+D* +h.c. 
in a hot pion gas in order to demonstrate that the 



Mott dissociation of the D-mesons at the chiral 
phase transition leads to a threshold effect for the 
suppression ratio when applied to the case 
of Pb-Pb collisions at CERN within a modified 
Glauber model. 

2. In-medium modification of char- 
monium break-up cross sections 

The inverse lifetime of a charmonium state in a 
hot and dense many- particle system is given by 
the imaginary part of the selfenergy t^^(ji) = 
T{p) = S>(p) =F S<(p). In the Born collision 
approximation for the dominant process in a hot 
pion gas, as shown in Fig. ||, we have Q 



E<(p,u;) 



P •'Pl •'P2 



X \M\^G>ip') G<^{p^) G<^{p2) , 



where the thermal Green functions Gf (p) = [1 ± 
Mp)]A{p) and Gf{p) = Mp)Ai{p) are defined 
by the spectral function Ai{p) and the distribu- 
tion function fi{p) of the state i; — J jj^- 
In the low density approximation for the final 
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Figure 1: Diagrammatic representation of the com- 
plex selfenergy for the J/i/) due to breakup in (of- 
sheU) D,D* pairs by impact of pions from a hot 
medium. 

states {foi [p) ~ 0), one can safely neglect 
so that 

T-\p)^ j j f {27l)H{p+p'-p,~p2) 

X \M\'Mp') A^{p') AnM AdM- 
With the differential cross section 

da_ _ 1 \M{s,t)f 
dt ^ 167rA(s, M2,s') ' 

using s = {p + p'Y ,t = [p — piY^s' ~ p'^ and 
^\{s,Ml,s') = 2i;rei^p2 + A/2^p'^ + 5/ one 

can show that the J /ij) relaxation time in a hot 
pion gas is given by 

X t;rci cr*(s) , (2.1) 

where the pion spectral function decides whether 
the medium consists of resonant (off-shell) corre- 
lations or true qq bound states. The in- medium 
breakup cross section is given by 

CT*(s) = y^^^i '^^a ^_Di(si) AD2is2) a{s]Si,S2) ■ 

(2.2) 

Note that there are two kinds of medium effects 
due to (i) the spectral functions of the final states 
and (ii) the explicit medium dependence of the 
matrix element A4 . In the following model calcu- 
lation we will use the approximation (t(s; si , S2) ~ 
(T™'^(s; si, S2) justified by the locality of the tran- 
sition matrix A4 which makes it rather inert against 
medium influence. 



3. Model calculation 

The quark exchange processes in meson-meson 
scattering can be calculated within the diagram- 
matic approach of Barnes and Swanson ||^ which 
allows a generalization to finite temperatures in 
the thermodynamic Green function technique |^] . 
This technique has been applied to the calcula- 
tion of J/ijj break-up cross sections by pion im- 
pact in where also a fit formula has been 
given. The approach has been extended to ex- 
cited charmonia states and consideration of rho- 
meson impact recently [^j. The generic form of 
the resulting cross section (given a band of un- 
certainty) can be fit to the form 

(3.1) 

where sq = {Md^ -\-MB2Y is the threshold for the 
process to occur, ctq = 7.5 • 10^ mb and A = 0.9 
GeV. An alternative fit is given in 

Recently, the charmonium dissociation pro- 
cesses have been calculated also in an effective 
Lagrangian approach |ll[, but this method 
introduces new phenomenological parameters and 
ignores the quark substructure. The develop- 
ment of a unifying approach on the basis of a 
relativistic confining quark model is in progress 
p^ . Detailed numerical comparison cannot be 
made at present. 

The major modification of the charmonium 
break-up process which we expect at finite tem- 
peratures in a hot meson gas comes from the 
Mott-effect for the light as well as the heavy 
mesons. At finite temperatures when the chiral 
symmetry in the light quark sector is restored, 
the continuum threshold for light-heavy quark 
pairs drops below the mass of the D-mesons so 
that they are no longer bound states constrained 
to their mass shell, but become rather broad res- 
onant correlations in the continuum. This Mott- 
effect has been discussed within relativistic quark 
models ||l^ for the light meson sector but can 
also be generalized to the case of heavy mesons 
fl^ . Applying a confining quark model [p^ we 
have obtained the critical temperatures T^°'* = 
110 McV, r^'°" = 140 MeV. 

In order to study the implications of the D- 
meson Mott effect for the charmonium breakup 
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we adopt here a Breit-Wigner form for the spec- 
tral functions 



Ads) 



7:{s~Mf{T)f+Tl{T)Mf{T) 



(3.2) 



which in the hmit of vanishing width Ti{T) — > 
goes over into the delta function 5{s — Mf) for 
a bound state in the channel i. The width of 
the D-mesons shall be modeled by a microscopic 
approach. For our exploratory calculation, we 
adopt here 



Td{T) = c(T - T^°")e(T - T'S 



(3.3) 



where the coefficient c — 2.67 is assumed to be 
universal for the pseudoscalar D-mesons and it 
is obtained from a fit to the pion width above 
the pion Mott temperature, see For the D- 
meson mass we have Md{T) = Mn + Q.l^V d{T). 
The result for the in-medium J /tp break-up cross 



section (2.2) is shown in Fig. 




(GeV) 



Figure 2: Energy- and temperature dependent in- 
medium J/?/; break-up cross section for pion impact. 
Thresholds occur at the Mott temperatures for the 
open charm mesons; r^.°" = 110 MeV, T^°" = 140 
MeV 



With Md' = 2.01 GeV and Mq = 1.87 GeV 
follows for the threshold sq ~ 15.05 GeV^. At a 
temperature T — 140 MeV, where the D-meson 
can still be considered as a true bound state, 
the D* meson has already entered the contin- 
uum and is a resonance with a half width of 
about 80 MeV. Due to the Mott effect for the 
open charm mesons, the charmonium dissocia- 
tion processes become "subthreshold" ones and 
their cross sections which are peaked at thresh- 
old rise and spread to lower onset with cms en- 
ergy. This is expected to enhance the rate for 
the charmonium dissociation processes in a hot 
meson gas. 



4. i/ip dissociation in a hot pion gas 



We calculate the inverse relaxation time for aJ/ip 



at rest in a hot pion gas according to Eq. (2.1 

a (s) 



where we have assumed on-shell pions with the 
dispersion relation £^7r(p) = \/p'^ + obeying 
the thermal Bose distribution function /7r(p) = 
3[exp[(i;^(p)-/i)/r]-l]-i, n^{T) being the pion 
density. The cms energy of the pion impact on 
a 3/ip at rest is s(p) = + + 2M^E^{p). 
The result for the temperature dependence of the 
thermal averaged J/V' breakup cross section < 
a*Vrei > is shown in Fig. |[ 

This quantity has to be compared to the nu- 
clear absorption cross section for the J/tA of about 
3 mb which has been extracted from charmo- 
nium suppression data in p-A collisions | p6[ . It 
is remarkable that it is practically negligible be- 



low the D-meson Mott temperature r^°" = 110 
MeV but comparable to the nuclear absorption 
cross section above the chiral/deconfinement tem- 
perature of Tcrit ~ 150 MeV. Therefore we expect 
the in-medium enhanced charmonium dissocia- 
tion processes to be sufficiently effective to de- 
stroy the charmonium state on its way through 
the hot fireball of the heavy-ion collision and to 
provide an explanation of the observed anoma- 
lous J /V' suppression phenomenon [Q . 
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Figure 3: Temperature dependence of the in- 
medium J/i/j break-up cross section for different 
quark masses. 

5. Applications to Pb-Pb collisions 
at CERN 

A more detailed comparison with the recent data 
from the NA50 collaboration requires a model 
for the heavy ion collision. In the following we 
will use a modified Glauber model ||l^, |l8| which 
takes into accout the formation of secondaries 
(" soft matter" ) during the collision and the prop- 
agation of the charmonium state through the de- 
bris of the collision. The suppression function is 
defined by 



S{Et) = SNiET)e^p 
= S'7v(-BT)exp 



dt T~^{n{t)) 
dn < a*Vrci > 



no (Br) 



where we have assumed a a nuclear absorption 
systeniatics SNiEr) = 18-1-36 exp(-0.26\/E^) 
and longitudinal expansion according to n(t) = 
no{ET)to/t. Within a Glauber model fit to the 
NA50 experiment we obtain the 7io(i?T) as 
a parameter form depending on the impact pa- 
rameter b, where ET{b)/MeV = 130 — 6/fm and 
no(6)/fm-3 = 1.2^1- (6/10-8 M^- 

In Fig. I we show the result for our model 
calculation in comparison with the data for Pb- 
Pb collision experiments of the NA50 collabo- 
ration [0. The temperature (pion density) de- 
pendence of the J /ip breakup cross section which 
exhibits a critical enhancement at the D-meson 
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Figure 4: Et dependence of the J ftp suppres- 
sion ratio without (dashed) and with (solid, long- 
dashed) in-medium break-up process compared to 
NA50 data. 

Mott temperature, see Fig. || leads to a threshold 
behaviour in the Et dependence of the 3/ip sup- 
pression ratio. This is in qualitative agreement 
with the data and the mechanism for the occur- 
rence of thresholds in this quantity can be con- 
sidered as a possible explanation for the observed 
deviation from the ordinary nuclear absorption 
systematics (anomalous J/ip suppression) in the 
NA50 experiment. 

6. Summary and Outlook 

In this contribution we have presented an ap- 
proach to charmonium breakup in a hot and dense 
medium which is applicable in the vicinity of 
the chiral/deconfinement phase transition where 
mesonic bound states get dissolved in a Mott- 
type transition and should be described as res- 
onant correlations in the quark plasma instead. 
This description can be achieved using the con- 
cept of the spectral function which can be ob- 
tained from relativistic quark models in a sys- 
tematic way. The result of an exploratory calcu- 
lation employing a temperature-dependent Breit- 
Wigner spectral function for open charm mesons 
presented in this paper has demonstrated that 
heavy-flavor dissociation processes are critically 
enhanced at the QCD phase transition and could 
lead in the charmonium sector to the phenomenon 
of anomalous J/tjj suppression. 
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In subsequant work we will relax systemat- 
ically approximations which have been made in 
the one pie&euted liuie and impiuvu iupuLh which 
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